We report an integrated analysis of nuclear (autosomal, X-and Y-chromosome) short tandem repeat (STR) data and mtDNA D-loop sequences obtained in the same set of 22 Native populations from across the Americas. A north to south gradient of decreasing population diversity was observed, in agreement with a settlement of the Americas from the extreme northwest of the continent. This correlation is stronger with "least cost distances," which consider the coasts as facilitators of migration. Continent-wide estimates of population structure are highest for the Y-chromosome and lowest for the autosomes, consistent with the effective size of the different marker systems examined. Population differentiation is highest in East South America and lowest in Meso America and the Andean region. Regional analyses suggest a deviation from mutation-drift equilibrium consistent with population expansion in Meso America and the Andes and population contraction in Northwest and East South America. These data hint at an early divergence of Andean and non-Andean South Americans and at a contrasting demographic history for populations from these regions.
Introduction
Contrasting patterns of diversity between different genetic marker systems can provide refined insights into aspects of human population evolution. For instance, such analyses have been used to evaluate possible differences in migration rates between men and women throughout human evolution (reviewed in Wilkins, 2006 and Segurel et al., 2008) . In another application, a recent study of autosomal and X chromosome data has led to the proposal of a more severe male than female bottleneck during the initial migration of anatomically modern humans out of Africa (Keinan et al., 2009 ). In the Americas, continent-wide Native population surveys have been carried out independently with mtDNA (Torroni et al., 1993; Merriwether et al., 1995; Forster et al., 1996; Bonatto & Salzano, 1997; Fagundes et al., 2008) , Ychromosome (Lell et al., 2002; Bortolini et al., 2003) , autosomal (Salzano & Callegari-Jacques, 1988; Cavalli-Sforza et al., 1994; Wang et al., 2007) and, more recently, X-chromosome markers (Bourgeois et al., 2009; Wang et al., 2010) . However, other than regional studies (Mesa et al., 2000) or continental studies combining data for different population samples (Bortolini et al., 2003) there has not been a systematic, continent-wide, analysis of genetic diversity across marker systems on the same Native American population samples.
We recently performed a genome-wide survey of autosomal diversity in the Americas with data for 678 STRs typed in 22 Native populations from North, Central, and South America (Wang et al., 2007) . Here we expand that study with data for 38 X-chromosome STRs, Y-chromosome markers (16 STRs and three biallelic polymorphisms), and mtDNA D-loop sequences obtained in the same population samples. These data emphasize the existence of a north to south gradient in population genetic diversity, consistent with the serial founder model of human population expansion (Ramachandran et al., 2005) and with a colonization of the Americas from the extreme northwest of the continent; the coasts acting as facilitators during this process. Contrasting diversity across marker systems points to a differing demographic history across South America, with Andean populations diverging early in the settlement of the region and having larger long-term effective sizes than non-Andean populations.
Methods

Samples
A total of 396 individuals from 22 Native American populations were examined (Fig. 1) . These were the same individuals and populations examined in Wang et al. (2007) , including 114 males and 282 females. For several analyses these populations were divided into five groups based mainly on geographic/linguistic grounds: North America (Cree and Ojibwa), Meso America (Mixtec, Mixe, Zapotec, and Kaqchikel), Northwest South America (including Lower Central America: Embera, Guaymi, Arhuaco, Zenu, Wayuu, Waunana, Kogi, and Cabecar), the Andes (Inga, Quechua, Huilliche, and Aymara), and East South America (Aché, Guaraní, Ticuna, and Kaingang). mtDNA Sequencing DNA amplification and sequencing were based on the methods described in Brandstatter et al. (2004) . The entire mtDNA control region (D-loop) was amplified with primers: F15878 (5 0 -AAATGGGCCTGTCCTTGTAG-3 0 ) and R 599 (5 0 -TTG AGG AGG TAA GCT ACA TA-3 0 ). Each 20 μl PCR reaction consisted of 2 μl Bioline 10× reaction buffer, 0.8 μl 50 mM MgCl 2 , 0.4 μl 10 μM dNTP mix, 0.4 μl 10 μM F/R primers, and 0.4 μl BiolineTaq (Bioline Ltd., London, UK). Thermal cycler conditions were: 95 • C for 10 min and then 36 cycles of 94 • C for 1 min, 56 • C for 1 min, and 72 • C for 2 min. PCR products were purified and sequenced with BigDye TM Terminator v3.1 cycle sequencing kit (Applied BioSystems, Foster City, CA). Each sequencing reaction, made up to a total volume of 11 μl, contained 2.07 μl of 5× sequencing buffer, 0.25 μl of BigDye TM Terminator v3.1 ready reaction mix, 0.18 μl of the sequencing primer, and 2 μl of purified PCR product. Sequencing was carried out with 25 cycles of 96 • C for 10 sec, 55 • C for 5 sec, and 60 • C for 4 min. Both forward and reverse strands were sequenced, providing at least two independent readings for each nucleotide position. Primers used for sequencing included the two initial PCR primers as well as primers: F 16190 (5 0 -CCC CAT GCT TAC AAG CAA GT-3 0 ), F15 (5 0 -CAC CCT ATT AAC CAC TCA CG-3 0 ), R274 (5 0 -TGT GTG GAA AGT GGC TGT GC-3 0 ), R16400 (5 0 -GTC AAG GGA CCC CTA TCT GA-3 0 ), and R16175 (5 0 -TGG ATT GGG TTT TTA TGT A-3 0 ). After raw data editing, the nucleotide sequences were analyzed from position 16021 to 16569 and from position 1 to 499 of the mtDNA control region (D-loop). All sequence coordinates used followed the revised Cambridge Reference Sequence (rCRS) (Anderson et al., 1981; Chinnery et al., 1999) .
X-Chromosome STRs
The following 38 X chromosome STRs were genotyped by the Marshfield Mammalian Genotyping Service (http://research. marshfieldclinic.org/genetics/home/index.asp) : GATA52B03,  GATA124B04, AGAT144, AFMA184WF1P, GATA175D03,  TATC052, ATA28C05, GATA124E07, GATA186D06,  ATCT057M, GATA027M, AFMA124XD9, GATA69C12,  GATA144D04, AFM276XF5P, GATA72E05M, AGAT104M,  GATA31D10M, GATA31F01P, TAGA017, ATA31E12,  GATA10C11, GATA172D05, GATA48H04, AFM248WE5,  GATA165B12P, GATA198A10P, ATCT003, AFMA046WB9,  AAAT112P,  GATA31E08,  TATC043,  224ZG11 , AFMA121ZE5, TTTA062, GGAT3F08, GATA189B04P, and ATA71D03M.
Figure 1
Approximate location of the sampling site for the populations examined here. Color codes indicate for each population its affiliation to a major Native American linguistic stock, following the classification of Ruhlen (Ruhlen, 1991) .
Y-Chromosome Markers
For male individuals, three Y-SNPs (M3, M19, and M242) were genotyped as described previously (Karafet et al., 1999; Ruiz-Linares et al., 1999; Seielstad et al., 2003) . In addition, data for 18 Y STRs were also obtained. The following seven markers were genotyped at the Marshfield Mammalian Genotyping Service: DYS19, DYS388, DYS389 (GATA30F10L, GATA30F10LA), Annals of Human Genetics (2010) 74,525-538 527 C°2 010 The Authors Annals of Human Genetics C°2 010 Blackwell Publishing Ltd/University College London DYS390, DYS391, and DYS395. An additional 11 markers were genotyped in two sets by multiplex PCR. The first set comprised markers: DYS447, DYS448, DYS450, DYS456, and DYS458 and the second set comprised markers: DYS437, DYS438, DYS439, DYS426, DYS460 (A7.1), and H4. PCRs were performed using the Hotstart Taq system (Promega, London, UK), at total volumes of 20 μl (for the 5-plex panel) or 20.6 μl (for the 6plex panel). For the 5-plex panel, each PCR reaction consisted of 10 μl Hotstart Taq Master Mix, 8 μl Primer mix (final concentration for each primer was 0.4 μM), 1 μl water, and 1μl template DNA. For the 6-plex panel, each PCR reaction consisted of 10 μl Hotstart Taq Master Mix, 9.6 μl Primer mix, and 1μl genomic DNA. After denaturing for 10 min at 95 • C, amplification was carried out with 28 cycles of: 94 • C for 1 min, 55 • C for 1 min, then 72 • C for 1 min. The sequence of the PCR primers used for each marker is provided in Table S1 .
Data Analysis
Population diversity, structure and demography
The average unbiased gene diversity across loci for each population and each geographic region was computed using ARLEQUIN v3.1 (Excoffier et al., 2005) . The correlation between the ranks of genetic diversities calculated from the different marker systems was evaluated with Kendall's coefficient of concordance (Siegel, 1956) . Continental and regional F ST estimates were obtained using POWERMARKER (Liu & Muse, 2005) with standard errors calculated by bootstrap and significance of differences between estimates evaluated using a t-test. STRUCTURE 2.2 was used to evaluate clustering of individuals with the Bayesian approach of Pritchard et al. (2000) and Falush et al. (2003) and employing the same analysis parameters as in Wang et al. (2007) . Results were displayed using DISTRUCT 1.1 (Rosenberg, 2004) . Based on the X-STR data, a principal component analysis (PCA) was performed, using the SPSS package, on the pairwise population distance matrix, calculated with POWERMARKER, using the D A distance (Nei & Chesser, 1983 ). Fu's Fs test was applied to the mtDNA D-loop sequence data using ARLEQUIN v3.1 (Excoffier et al., 2005) . The program BOTTLENECK (Cornuet & Luikart, 1996) was run on the X-STR data with 1000 iterations per locus.
Geographic computations
Geographic coordinates for the populations were taken from Wang et al. (2007) . Initially, distances between populations were computed using simple great arc routes, with obligatory waypoints as specified in Wang et al. (2007) . In addition, least-cost distances between the Bering Strait and population locations were computed using PATHMATRIX (Ray, 2005) following the approach described in detail in Wang et al. (2007) . Briefly, these distances are based on least-cost paths computed on the basis of a spatial cost map incorporating landscape components. For instance, at a coastal/inland relative cost of 1:1 (i.e., a ''uniform'' cost) the only spatial constraints are the boundaries of the continental landmasses. Since we wanted to evaluate the role of coastlines as corridors of migration, we also compared the following coastal/inland relative costs: 1:2, 1:5, 1:10, 1:20, 1:30, 1:40, 1:50, 1:100, 1:200, 1:300, 1:400, and 1:500. Computations were performed on a Lambert azimuthal equal area projection of the American landmass (central meridian 80 • W, reference latitude 10 • N) divided into a grid of 100 km 2 square cells. Pearson's correlation coefficient (r) was estimated between the levels of gene diversity (mean expected heterozygosity (He)) and the great arc (or least cost) population distances from the Bering Strait. Table 1 shows the genetic diversity for the different marker systems tested in the set of Native American populations examined here and by Wang et al. (2007) . A positive correlation is observed for all pairwise comparisons across marker systems, with the strongest correlation seen between autosomal and X-chromosome STRs (Kendall's tau = 0.77) and the weakest between mtDNA and Y-chromosome STRs (Kendall's tau = 0.01). A negative correlation (r = −0.43) of population genetic diversity with (great arc) distance from the Bering Strait has been previously reported for the autosomal STRs (Wang et al., 2007) . Diversity at the additional marker systems examined here shows evidence of the same trend, with similarly negative correlations with distance from the Bering Strait being observed for X-STRs and mtDNA: (r (X) = −0.413; r (mtDNA) = −0.421). A somewhat lower negative correlation is observed for Y-STRs (r = −0.128).
Results
Within-Population Diversity
Consistent with the analyses of autosomal STRs (Wang et al., 2007) , the geographic distance-genetic diversity correlations increase for mtDNA and the X-chromosome when using least-cost paths that consider the coasts as facilitators of migration ( Fig. 2) . Interestingly, the highest correlation is seen for a coastal/inland cost ratio similar to the one observed previously with the autosomal STR dataset (∼1:10) (Wang et al., 2007) . Table 2 contrasts the mean genetic diversity across markers in different parts of the Americas. As expected, based on differences in ploidy levels, diversity is highest for the autosomes, intermediate for the X-chromosome, and lowest for the Y-chromosome. When comparing the different geographic regions, Eastern South America consistently shows the lowest genetic diversity across all markers systems.
Population Structure
Continent-wide F ST estimates considering the set of 15 populations for which data were available for at least four Ychromosomes are: F Table 3 . In all regions F ST is highest for the Y-chromosome followed by mtDNA. In Northwest and East South America F
ST , while in the Andes and Meso America the opposite is observed. Comparing regions, the highest population differentiation for all types of markers is seen in Eastern South America. Northwest South America also shows an increased differentiation, relative to Meso America and the Andes (except for the Y-chromosome, which shows a higher differentiation in Meso America).
The X-chromosome STR data were used to examine population structure with the model-based approach implemented in the program STRUCTURE (Pritchard et al., 2000; Falush et al., 2003) . In a continent-wide analysis (Fig.  3 ), the model with K = 4 identifies two Eastern South American populations (Ticuna and Aché) and the Northwest South American populations as separate clusters. Increasing K to 5 identifies an additional Northwest South American component (predominant in the Kogi and Arhuaco). At K = 6, a North American component is apparent, which is also slightly predominant in Meso Americans relative to other populations. In addition, the component that predominates in Andeans is also seen at a relatively high frequency in two Northwestern populations (Wayuu and Zenu) and in two of the Eastern South American populations (Guaraní and Kaingang). Previous STRUCTURE analysis of autosomal STRs produced similar patterns (Wang et al., 2007) , the least variable groups forming distinctive clusters (particularly for East and Northwest South Americas). Autosomal STRs show somewhat less evidence of a differentiation between Meso Americans and Andeans than seen with X-STRs. An analysis restricted to the South American populations shows similar patterns (Fig. 4) . At K = 3, predominant components are identified for the Eastern Aché and the Northwestern Kogi and Arhuaco. Increasing K to 4 identified the Eastern Ticuna as a separate cluster while at K = 5 an Andean component is defined, which is also predominant in the Northwestern Wayuu and Zenu, and in the Eastern Guarani and Kaingang.
Population Relatedness
Figure 2 R 2 (square of the correlation) between population diversity (estimated as gene diversity for X-STRs-top and as nucleotide diversity for mtDNA-bottom) and distance from the Bering Strait. Correlations were evaluated for great arc distances as well as for least-cost distances at a range of coastal/inland relative costs (1:1 to 1:500). Correlations significant at the 0.05 level are indicated by filled symbols.
American populations (the Ache and Kaingang) that represent extreme outliers ( Figure S1 shows results for the full set of 22 populations). Figure 5B shows results after excluding four outliers seen in Figure 5A (the Northwest South American: Arhuaco, Kogi, Embera, and Guaymi). These PCA plots are consistent with the population diversity and structure analyses presented above in showing greatest differentiation among East and Northwest South American populations. Populations from these regions cluster at opposite ends relative to the two North American populations (Cree and Ojibwa), with the Andean and Meso-American populations occupying intermediate positions. Figure 5B shows a closer relatedness of Eastern and Northwest South American populations to the Andeans than to Meso Americans. Similar broad patterns of relatedness were observed in the phylogenetic tree reported by (Wang et al., 2007) based on the autosomal STR data collected in these same population samples.
Population Demography
We used three independent approaches to evaluate changes in population size with the different marker data obtained here. First, we applied tests based on the allele frequency distribution of X-STRs, as implemented in the program BOT-TLENECK (Cornuet & Luikart, 1996) . This program implements a test for departure from the expected relationship, Calculations were done across all marker sets using the same set of 15 populations for which data for at least 4 Y-chromosomes were available. All estimates across marker systems within a geographic region are significantly different (p < 0.05).
at mutation-drift equilibrium, between the observed heterozygosity and the number of alleles. It has been shown that population contraction and expansion lead, respectively, to a transient excess or deficiency (respectively) of heterozygosity, relative to that expected based on the observed number of alleles (Nei & Chakraborty, 1975; Maruyama & Fuerst, 1984) . This is due to allelic diversity varying more rapidly than heterozygosity with changes in population size, rare alleles disappearing after a contraction or becoming more common after an expansion. BOTTLENECK results are summarized in Table 4 and illustrative X-STR allele frequency distributions are shown in Figure 6 (graphs for all populations are shown in Figure S2 ). Several populations, mainly those from Eastern and Northwest South America (e.g. the Aché) show few low-frequency alleles, consistent with a recent population contraction. Populations from Meso America and the Andes mostly show an opposite trend, with an apparent excess of rare alleles, consistent with population expansion. Overall, seven of the 18 populations tested deviate from mutationdrift equilibrium based on the "standardized difference" test implemented in BOTTLENECK (Table 4 , Cornuet & Luikart, 1996) . Second, we applied Fu's Fs test to the mtDNA D-loop sequences obtained here (Table 4 ). This test evaluates whether the number of different sequences found exceeds that expected for a population at equilibrium, based on the observed nucleotide diversity, and is characterized by negative values in expanding populations (Fu, 1997; Excoffier & Schneider, 1999) . Among the Native American populations examined negative Fs values were observed in all the Andean populations and in some of the Meso and North Americans. The Northwestern South and Eastern South American populations all show positive Fs values (Table 4 ). Third, we examined the X to autosomal STR diversity ratio (H X /H A ). It has been shown that due to differences in ploidy this ratio is sensitive to changes in population size (Pool & Nielsen, 2007) .
Values of the H X /H A ratio in the Native American populations examined are shown in Table 4 . The mean H X /H A values for each region are: 0.907 (Northwestern South America), 0.918 (East South America), 0.950 (North America), 0.952 (Andean South America), and 0.998 (Meso America). There is a highly significant negative correlation between the Fs values obtained from the mtDNA D-loop sequences and the H X /H A ratios (r Spearman = −0.592; p = 0.005).
Discussion
The mtDNA, X-chromosome, and Y-chromosome data obtained here are globally consistent with the previously reported autosomal STR data in showing a north to south gradient in genetic diversity (and an increase in population differentiation) in the Americas. This trend extends the pattern of decreasing population diversity seen worldwide as a function of distance from Africa (Ramachandran et al., 2005; Handley et al., 2007; Wang et al., 2007; Jakobsson et al., 2008; Li et al., 2008) . In the Americas, this gradient is consistent with an initial settlement from Northeast Asia into the extreme Northwest of the continent, followed by a southward Figure S1 ). Population symbols and coloring are as in Figure 1. colonization (Wang et al., 2007) . Interestingly, as reported based on autosomal STRs (Wang et al., 2007) , the mtDNA and X-STR data obtained here (in the same population samples) are also consistent with the coasts playing an important role during the initial human population dispersal in the American continent. For these various sets of markers, the correlation of population diversity with distance from the Northwest increases when considering "least cost" distances incorporating the coastal outline, coinciding in a maximum correlation around a 1:10 coast/inland cost ratio. The role of the coasts in the initial human population dispersal outside of Africa has become the subject of increased scrutiny in the Annals of Human Genetics (2010) 74,525-538 533 Only populations with data for > 10 samples are included. Results for the standardized difference test (Cornuet & Luikart, 1996) and Fu's Fs are shown for X-STRs and mtDNA, respectively. Values shown in bold are significant at the 5% level.
Figure 6
Histograms showing the proportion of alleles within frequency bins for 38 X-STRs in four Native American populations. Plots for the full set of 22 populations examined are displayed in Figure S2 . last few years, with a growing body of evidence pointing to the coasts as facilitators of migration (Liu et al., 2006) . In the Americas, although classical models of settlement posited an inland migration (Fiedel, 2000; Dixon, 2001) there is growing interest in the possibility of a coastal migration route (Dixon, 2001; Fix, 2002 Fix, , 2005 . Recent geological research indicates the existence of ice-free coastal areas west of the Cordilleran ice sheet ∼14,000 years ago, considerably earlier than the proposed time of opening of an inland ice-free corridor (∼11,000 years ago). Computer simulations indicate that coastal migration models could be more consistent with patterns of mtDNA and classical marker data (Surovell, 2003; Fix, 2005) . Recently, full mtDNA genome sequence data have also been interpreted as supporting a coastal population dispersal in the Americas (Fagundes et al., 2008) . Previous research has evidenced contrasting patterns of genetic variation in Western (mostly Andean) versus Eastern South America, characterized by lower within-population diversity (and greater differentiation) in the East relative to the West (Luiselli et al., 2000; Tarazona-Santos et al., 2001; Wang et al., 2007) . Craniometric analyses also indicate an important differentiation between populations of East and West South America (Pucciarelli et al., 2006) . The data examined here for uniparental and biparental markers support this view in showing the lowest within-population diversity and the highest differentiation in Eastern South America. By contrast, Andean populations show the highest diversity and lowest differentiation in the region, while populations from Northwest South America show intermediate values (Tables 2-3) . These observations point to a differing demographic history across the Americas, with lower genetic drift in Meso America and in the Andes relative to the rest of South America. The availability of data for different genetic marker systems provides further opportunities to explore possible differences in the demographic history of these populations. The various marker systems examined here allow additional, independent, assessments of demographic scenarios. For instance, Fu's F test has been previously applied to worldwide mtDNA D-loop sequence data and has been shown to reveal a signal of population expansion (as evidenced by negative Fs) in all human populations, except certain hunter gatherers and Native Americans (Excoffier & Schneider, 1999) . The lack of a signal of expansion in these populations has been interpreted as resulting from recent bottlenecks that have erased the signal of past population growth; or that effective sizes during initial spatial population expansions were smaller for populations with positive Fs (Excoffier & Schneider, 1999; Ray et al., 2003) . In our survey, we find that Fs, calculated from mtDNA D-loop sequences, are negative in populations from Meso America and the Andes, while populations from East and Northwest South America are characterized by positive F values (Table 4 ). The mtDNA data are thus consistent with population ex-pansion in Meso America and the Andes, but not in North West and East South America. Independent evidence of a contrasting demographic history in the Americas is provided by the tests applied to the X chromosome STR data shown in Table 4 . These are also suggestive of bottlenecks in East and Northwest South America and of population expansion in Meso America and the Andes. The data collected here also allow a (rough) evaluation of the variable impact that changes in population size could have on the relative diversity of different marker systems in the Americas. It has been shown that population contraction can lead to relatively lower ratios of X to autosomal diversity (Pool & Nielsen, 2007) , as observed in populations from East and Northwest South America (Table 4 ; equilibrium values being dependent on the mutational properties of STRs and population effective sizes). Similarly, estimates of population differentiation obtained with various marker systems will be affected differently by the unequal impact of changes in population size on estimates of intrapopulation diversity. At a continent-wide level we observe increasing population structure with data from autosomes, the X-chromosome, mtDNA, and the Y-chromosome (F ST of 0.068, 0.094, 0.256, and 0.390, respectively). However, there is considerable regional variation in F ST values between marker systems (Table 3) . It is interesting to note that F ST estimates based on autosomal STRs for Meso America and the Andes are higher than those obtained with X-STRs for the same regions. The opposite is seen in North=west and East South America. As mentioned above, after a change in population size, diversity on the X-chromosome is expected to reach new equilibrium values more rapidly than that on the autosomes. Consequently, although after a population contraction the difference between F (X) ST and F (A) ST will be increased over equilibrium values, the opposite will occur if there is a population expansion. Consistent with this scenario is the observation that higher F ST estimates are observed with the Y-chromosome than with mtDNA across all regions of the Americas (Table 3) . A number of previous studies have examined population structure based on mtDNA and Y-chromosome data in order to evaluate differences in migration rates between men and women (Cavalli-Sforza & Bodmer, 1971; Mesa et al., 2000; Bortolini et al., 2002; Segurel et al., 2008) , and it has been shown that such differences in migration rates can also reduce the expected difference between F (X)
ST and F (A)
ST (Segurel et al., 2008) . Nevertheless, population genetic theory indicates that F
ST . For this to happen, additional demographic factors need to be invoked, such as a greater variance in reproductive success in men than in women (Cavalli-Sforza & Bodmer, 1971; Segurel et al., 2008) . Overall, our results point to larger long-term effective population sizes in Andean relative to the rest of South America, possibly associated with Annals of Human Genetics (2010) 74,525-538 535 C°2 010 The Authors Annals of Human Genetics C°2 010 Blackwell Publishing Ltd/University College London events of population expansion in the Andes and contraction elsewhere. Further assessment of this scenario will require further analyses, accouting for the specific mutational properties of the markers examined and the fine-grained population structure patterns in each region (Stadler et al., 2009) .
From a population history perspective, our results point to Andean populations separating from other South Americans early in the colonization of the subcontinent and subsequently maintaining larger population sizes relative to other South American populations (Rothhammer & Dillehay, 2009 ). This early split of Andeans and non-Andeans is also consistent with the geographic distribution of Amerind languages in that the Andean stock extends furthest South, along the western side of the subcontinent, and as such is likely to represent the initial settlers of the region (Cavalli-Sforza et al., 1994) . Archaeological evidence suggests that human population sizes were relatively large along the Pacific coast, even prior to the development of agriculture, sustained by the rich local fishing resources (Bellwood, 2001) . Within South America, agriculture developed first along the central Andes resulting in the establishment in this region of a dense population, culminating in the development of the Inca Empire (Bellwood, 2001) . Populations in Western South America therefore seem to have had relatively large sizes for a considerable amount of time and also to have undergone a relatively recent expansion, possibly associated with the use of intensive agriculture. Archaeological information indicates that developments in the Northwestern, and particularly in Eastern South America, were more incipient than in the Andes and were associated with relatively lower population densities.
In conclusion, the nuclear and mtDNA data analyzed here are consistent with an important role for the coasts in the initial settlement of the American continent. Although our analyses did not aim at estimating specific evolutionary parameters, our observations suggest a differentiated demographic history between regions in South America, perhaps associated with an early divergence of Andean from non-Andean populations. Examining a larger number of Native populations (particularly increasing geographic coverage) should allow a more detailed evaluation of the routes of dispersal during the settlement of the American continent. Other than evaluating more precisely the role of the coasts in this dispersal, it will be interesting to examine the impact of other major geographic features of the continent, including the main mountain ranges and river valleys. The feasibility of genome-wide population surveys of increasing resolution will soon culminate in a full description of the genetic diversity of human population samples (i.e. individual genome sequences). The application of explicit methods for testing alternative evolutionary scenarios (and estimating their associated parameters) to such data should enable a refined assessment of the initial settlement and routes of population dispersal in the American continent.
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